Introduction: Helicopter emergency medical services dispatch is a contentious issue in modern prehospital services. Whilst the link between helicopter emergency medical services and improved patient outcome is well evidenced, allocation to the most appropriate incidents remains problematic. It is unclear which model of deployment is the most efficient at targeting major trauma and whether this can be improved with a change in dispatch process. The objective of this study was to have an overview of the evidence for dispatch models of helicopter emergency medical services to critically ill or injured patients. Methods: This systematic review was conducted in accordance with a protocol developed from the PRISMA guidelines. MEDLINE, Embase, CINAHL and the Cochrane library were searched focusing on keywords involving dispatch of helicopter emergency medical services resources. Results: Ninety-seven articles were screened and 14 articles were eligible for inclusion. Most were of low quality, with three of moderate quality. Heterogeneity in the methodology of included articles precluded meta-analysis, so a narrative review was performed. Conclusions: This review demonstrates the lack of evidence surrounding helicopter emergency medical services dispatch models. Whilst it is not possible to identify a method of dispatch that will optimize helicopter emergency medical services allocation, common themes within the literature indicate that helicopter emergency medical services use is region specific and dispatch criteria should be designed to match specific systems. Additionally, mechanism of injury as well as physiological data from scene was shown to be the most accurate indicator for helicopter emergency medical services attendance.
Introduction
Dispatch has long been recognised as the weakest link in the chain of response. 1 Historically, helicopter emergency medical services (HEMS) dispatch has evolved from the American College of Surgeons (ACS) trip destination guidelines 2 and can involve either immediate dispatch from the initial call, interrogated dispatch by the HEMS clinician in the emergency operations centre (EOC), or requested dispatch by land crews. The link between HEMS and improved patient care in the acutely unwell patient is well recognized. 1, [3] [4] [5] However, the delivery of care depends on the ability of these teams to arrive at appropriate incidents. When HEMS are not dispatched to patients who could benefit from enhanced care (undertriage), morbidity and mortality rates increase. 1, 4, 5 On the other hand, overtriage increases costs due to the unnecessary deployment of the helicopter, 6 prevents availability to other critically ill patients, 4 and results in additional safety risks to flight crew. 7 It is therefore imperative that dispatch is appropriate and effective, and this relies on dispatch criteria as well as the method of dispatch.
With the implementation of a new triage and dispatch system known as NHS Pathways in the UK in 1 Faculty of Health and Life Sciences, Oxford Brookes University, Oxford, UK 2 South Central Ambulance Service NHS Foundation Trust, Bicester, Oxfordshire, UK 3 Thames Valley Air Ambulance, RAF Benson, UK 2011, the 999 call questioning focuses on the priority of symptoms reported in the call and guides the call-taker towards defined response and time scale. 8 With calls taking an average time of over four and a half minutes before reaching a disposition 9 this mechanism of dispatch is favoured amongst ambulance commissioners since it acquires enough information to determine a disposition, but also allows enough time for ambulance responses to meet national performance criteria.
With the continued development of regional trauma networks within the UK, the approach to dispatch needs to be evaluated to ensure dispatch is judicious. The PICO question was therefore: (P) In critically ill patients, (I) does additional information retrieved during the call, (C) compared to automatic HEMS dispatch, (O) reduce overtriage/undertriage in HEMS attendance.
Methods

Information strategy
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines. 10 The Cochrane database of systematic reviews, Medline (from 1946); CINAHL (from 1981) and EMBASE (from 1947) was searched on 5 September 2016, using a combination of text words for dispatch of HEMS and a combination of Medical Subject Headings (MeSH) ( Table 1 ). The search was limited to full text human studies only, with no limits placed on study design or language, but publication year was limited to 2010 onwards to ensure evidence captured was representative of modern aviation and medical trauma systems. Backward chaining was used to capture additional evidence not included in the initial search.
Data collection process
One author (GE) assessed titles and abstracts. Studies were included if they evaluated HEMS dispatch mechanisms or featured keywords within call taking and prompting dispatch. Case studies/reports and articles concerning inter-facility transfers were excluded. These findings were confirmed by SB.
Appraisal of evidence
Study quality was assessed initially by one author (GE) using the Oxford Centre for Evidence Based Medicine (CEBM) Levels of Evidence framework. 11 Findings were then independently verified by SB and JR and the quality of evidence was rated as being at 'low', 'moderate' or 'high' risk of bias.
Results
Literature search results
The PRISMA flow diagram summarises the inclusion/ exclusion process ( Figure 1 ) and 92 studies met the inclusion criteria. An additional five studies were found by backward chaining. [12] [13] [14] [15] [16] These were outside the years searched but indicated important findings for dispatch methods. After removal of duplicates, 86 titles were reviewed for applicability of which 68 were excluded based on title or abstract. After full text review of the remaining 18 articles, four were excluded (two nondispatch studies, one non-triage study and one study without data).
Study characteristics
This resulted in 14 articles for analysis ( Table 2 ). All studies were reported in English and originated from high-income countries (UK 35%; The Netherlands 28%; USA 14%). All but two were observational in design with the remaining two studies being systematic reviews. One study reported a survey of dispatch criteria used by HEMS in the UK and one study assessed dispatch before/after introduction of a new protocol. With heterogeneity of included studies preventing meta-analysis, a narrative synthesis was performed, with findings relating to dispatch grouped into themes of the following sections.
Identifying cases in call screening
One study indicated that physicians had a better ability to identify paediatric traumatic incidents from the callscreening process; however, this was a small retrospective review with low grade evidence (CEBM 4). 18 An earlier study highlighted that dispatch by experienced flight paramedics showed a marked improvement in sensitivity and specificity of deployment, 15 yet again this study lacked robust methodology. A majority of other articles listed dispatch desks crewed by non-clinical staff 7, 21 or HEMS paramedics, 16, 23 or did not discuss this at all.
Dispatch criteria
One study found changes in regional policy (the implementation of anatomic and physiological criteria into call screening or evidence-based mechanistic criteria) resulted in a decrease in HEMS use of 55.9% for trauma patients (95% CI: 51.2% to 60.5%) but also the patient acuity of those attended by HEMS increased. 7 This was the only study to correlate dispatch data with trauma outcomes. UK articles did not look at clinical outcome data, despite the existence of the Trauma Audit Research Network (TARN) set up to receive information at hospital level.
Anatomical criteria resulted in a larger proportion of overtriage in several articles. 4, 16, 18, 20, 23 Mechanism of injury (MOI) alone was considered a poor predictor of dispatch with overtriage being common. [12] [13] [14] 17, 22, 23 MOI alongside physiological or anatomical parameters was found to be the most accurate criteria. 4, 7, 15, 16, 19, 23 The retrospective use of an ISS showed that physiological parameters alongside MOI improved dispatch accuracy, which was replicated in several studies across several countries. 4, 7, 18 There was also a lower threshold for physician-based HEMS dispatch in multitrauma patients than those without visible extracranial injuries, 19 highlighting that isolated traumatic brain injuries may not be recognised by bystanders or during the dispatch process.
Dispatch method
One study noted an increase in dispatch time between automatic dispatch based on MOI (4 min), interrogated dispatch (8 min) and requested attendance by health care professionals on scene (21 min). 23 This was the only study to collect data in this way and gives a good indication of expected times to dispatch between the methods. All articles appeared to use dispatch Records identified through database searching (n =92)
Additional records identified through other sources (n =5)
Records after duplicates removed (n = 86)
Records screened (n =86)
Records excluded (n = 68)
Full-text articles assessed for eligibility (n = 18)
Full-text articles excluded, with reasons (n =4)
Studies included in qualitative synthesis (n = 14) 
Dispatch area
Several studies noted that dispatch criteria should be region specific to ensure the most accurate dispatch for local HEMS. 7, 12, 19, 20 This complements the results of two of the service reviews 7, 16 and another retrospective review, 23 which highlight the differing type of incidents to which HEMS are dispatched.
Incident type
A majority of the literature within this review focused on HEMS use to trauma cases, 4, 13, 14, 18, 19, 21, 22 although only one system solely responded to trauma. 23 In this article and others, 4, 18, 20 overtriage was common to traumatic incidents.
HEMS teams
Within the results, HEMS teams were primarily staffed with physicians 13, [17] [18] [19] but dispatch by physicians was only reported in one article. 18 
Discussion
The dispatch of specialist services is multifaceted and not as simple as comparing automatic dispatch to obtaining additional information during the initial emergency call. This systematic review has highlighted that there are several key themes within the dispatch process that impact on the dispatch of HEMS. These are the identification of cases in call screening, dispatch criteria, dispatch method, dispatch area, incident type and the skill set of the HEMS team.
The most important finding is that, although advocated by the Air Ambulance Working Group, 24 a standardised dataset for dispatch will not suit every HEMS service. Additionally, the amount of overtriage is also service dependent. 23 Urban HEMS services with shorter response times can arguably wait for additional information. This is in comparison to rural services with longer travelling times, which are therefore better to be dispatched early. However, with only one article reporting this matter, additional research is required. 23 When obtaining additional information, specific questioning may be used during caller interrogation to gauge physiological parameters and assist in dispatch accuracy. However, this is only applicable to those injuries that are obvious to bystanders, and intracranial or other internal injuries may be missed despite a significant MOI. 19 Information given during call taking was not featured in any article and it could be that specific criteria or information is given by bystanders during the initial 999 calls that do not fit in with current dispatch datasets. For similar reasons, interrogated dispatch should be completed by clinicians who are familiar with working in this environment. This is perhaps why those studies that commented on the use of HEMS clinicians to assess within call screening found positive results regarding accurate dispatch of HEMS. 15, 16, 18, 23 Overall, the results of the literature review draw three main conclusions: HEMS use is region specific and dispatch criteria should be designed to match specific systems; MOI is generally a poor predictor of dispatch and interrogated dispatch by HEMS clinicians in EOC is considered the most reliable dispatch method. However, the latter two are noted to require additional time, which can then delay the dispatch of HEMS.
Limitations
Since most of the studies are retrospective reviews, reporting and publication bias cannot be excluded. Additionally, with one author performing the initial search, selection bias of the included results may be present. However, the most recent systematic review found within the search 22 also captured five articles included in this study, which indicates the reliability of both reviews.
Conclusion
The literature identifies that a standard dispatch dataset does not suit every HEMS system due to differences in care pathways and geography for specific regions. This review has highlighted the importance of gaining physiological data as part of interrogated dispatch by HEMS clinicians, although the best method to collect this was not explored. Future work could feature a service review or multi-centre trial with clinical outcome data from the TARN database to determine the effectiveness of individual dispatch systems within the UK and the use of NHS Pathways. Additionally, conversation analysis of 999 calls requiring HEMS may also identify specific criteria given by bystanders not yet within the dispatch datasets. This would guide revision of the dispatch process to ensure the correct allocation of HEMs to critically unwell patients requiring advanced prehospital care.
